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At the present time, the Dooster beam should have a
bunching factor in phase space of between C.1 and 0.2 prior
to extraction. With an rf frequency of approximately 50 mliz,
a period of 16-18 x 10“9 sec is availlable to turn on the ex-
traction kicker magnets.

In the future, it might prove desirable to achieve a
better phase space match between Booster and dain Ring (M.R.)
to reduce the veltage requlirements on the WM.R., cavities.

This improvenent could be accomplished by means of phase
Jumps Lo increase the bunching ‘actor to ~0.% or more. The
result, however, would reduce the kicker turn on aperture to

5

less than 10*8 sec. Thils figuré may be improved, if ncces-
sary, by dropping one buncn {rom the booster at injection.
buring beam transfer, the cextraction xickers can be synchron-
ized to turn on as this empty bucket goes by. This adds ar
additional 20 x 1079 sec for kicker turn on at the expense of
a reduction of 1/80 in. bcam intensity.

With this in mind, our synchronization approach should
mect tne following criteria:

1. Dilutlion of phasce space area must be held Lo & mini-

mun.
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2. A maximum pnase shift of 21/8 Booster circumlerence
or +21 7 ri radians rust be possible shcould an enpty
bucket be Introduced In tnhe future.

The model comparison approach described here provides

a Tlexible nieans for meeting these regulrements under a
variety of conditions.

First, let us define an interval of time (1) before ox-
tractlion in which both the frequency difference between
Booster énd AR, (AT) and its time derivative go from AL(0)
and %(O) to zerc in a pregrammed manner. LDuring this inter-
val, both the difference [requency and its time derivative
can be defined Lo provide the proper phase slip to bring the
frequernicies into synchronization. Such a program can be

carried out by letting:

L] - _ 3 f"f . 2 *
o= BED L HET e oo, (1)
3 2

It follows that

AT = AF(O)

S+
L]

Gat, (2)

and

(a2

Ad = AG(0) - A £ odt, (3)
0

where Ad = 21n (revolutions). Values may be Tound for X
v 5

i

L, and ¥ by solving Eags. 1, 2, and 3 at t = 1 where Ao 0,

AT = 0, £ = 0 with initial conditions £(0), Af(Q), and Ad(0).

Some measure of llexibility stems {rom the facl that the
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phase shifting program is indepondent of the period T, there-
fore an array (K, L, M) exists for all t > 0.

In practice, both Af(0) and %(O) can be obtained from the
rf system by direct measurements. A¢(0), however, must be
found by letting L = 0 in (1), then solving for K and M with
(1) and (2) as before. A¢(0) can then be found from (3).

The results of two sample phase shifting programs are
plotted with the radial aperture (expressed in terms of fre-
quency) as defined between the F and D magnets. with a beam
having an emittance of 100 m mm mrad at injection. See
Figure 1. In the two cases illustrated here; Ad(0) has been
selected to cause the maximum rotation of + and -~ 21 7 radians
of the Booster rf in 8 msec. The area enclosed between the
two curves is 42 7 radians which represents 1/ Booster
revolution.

In practice, components in the model comparison approach
to synchronization may be grouped into the following categories
as illustrated in Fig. 2.

1. Frequency measurement

2. Model generation

3. Comparison

Freqguency Measurement

The frequency difference between the Booster and M.R. is
compared with a reference Af(0). When the two are equal, a
command is given to the AL measuring circults to measure the

period of two consecutive cycle groups of phase detector no. 1
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output. From these two readings, £(0) can be ccmputed., To
provide sufficient resolution, a clock frequency near o Mz
can be used. With a cuarter cycle grouping (0 to 1/2) this

will provide a resclution of
R = AF(0)°/f(clock) = 72 Hy ()

for a Af(0) of 100 kxc. Tach measurement for this case would
require 52 usec. Measurenents are stored in lccal registers

and can be usced to update the model when necessary.

Model Gencration

~

The model progran as describeda by ¥gs. 1, 2, and 3 can
be carried out when given only the arbitrary parameters T and AF(0).
AT(0) is read Into both the local frequency comparator and
the model generation program. From the Ffrequency measuring
system data, £(0) is calculated. A6(0) is then computed as
described earlier, then modified'to provide the closest num-

ber of quarter revolutions
¢ (modified) = 21 [Integer valuc (a(0) + 10.5)/21]. (%)

This modified value of ¢(0) is then used with AF(C),
£(0) and 1 to conpute the ccefficients of the modeling
equations. ''he modeling programn then gencrates a discrcet
value of Al for each revolution of ¢. These values are
stored in 2 memory local to the egulpnent.

The model ng progran ls initiated when the Tollowing
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conditions are net:

.
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1. Freoguency difference between Dooster and
than A£(0)
2. Panase dctector (1) cutput at 0 radians.

Fal

Once initiated, the first value is read out of memory
into a D/A converter. Tnis voltage is integrated to produce
a voltage proportional to phase. Each time ¢ goes through
one revolution as seen by phase detector 2, tbe next consecu-
tive value of [ is transferred into the D/A converter from
memory. When the final value (AL = 0) is reached, the model

output will be zero.

3. Comparison

In order to fully appreciate the comparison approach,

Fa
T

we should be aware of the fact that the phase detector out-
put normally follows cos ¢. The characteristic sign change
reqguires that appropriate timing silgnals be generated by tne
phase detector to vrovide a correspondlng sign change in the
model. With appropriate circulitry, a linear relationshlp can
be established between this outnut and ¢. It follows, therc-
fore, that the model output will have the same characteristic
response as the phase detector output. This being truc, we
can compare the two outputs to produce a correction voltage
for the Booster rf to force the actual frequoncy difference
programn to track the model. It is important to note that for
the duration of the modeling vrogram, the booster v 1s phage

-

locked %o the nmain ring through the model. VWhen the [inal
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value of Af is read from memory (Af = 0), the two frequencies
are in phase and the synchronization is complete. Although
this modeling approach does produce discreet frequency steps,
the magnitude will be around 2 parts in 105 which should not

contribute significantly to phase space dilution.

Sample Model Program

To illustrate the modeling approach, a compubor program
was written to simulate the Booster Frequency program. When
the difference between M.R. and Booster frequencles becomes
less than Af(0), the modeling program is initiated. In this
example, a modeling period of 8 msec was used. Two runs were
made-~the first with Af(0) = 100.2 kHz produces a total sli§~
page ¢(0) bf 262.4 rf revolutions. This is modified to 252
r{ revolutions which correspond to l2-quarter revolutions
of the booster circumferenée‘ increasing Af to 100.3 kH=z
produces a slippage of 262.8 revolutions which is modified
to 273 rf revolutions or 13-guarter revolutions of the Pooster
clrcumference. The program, having found the necessary
initial conditions, computes the model coefficients K, I., and
I, from these, the frequency, its derivative, and the slippage
(in revolutions) has been computed as a function of time.

Note that at the end of the program, all three parameters are

Zero.
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